Time dependent changes in the electrophysiological properties of the atrioventricular conducting system (AVCS) were determined at two or more cycle lengths (CL) in 22 patients using bundle of His (H) electrograms, incremental atrial pacing and atrial extrastimulus method. The atrioventricular (A-H interval) and intraventricular (H-V interval) conduction times and refractory periods (RP) of the atrium, the A-V node (AVN) and His-Purkinje system (HPS) were measured during the control period, and repeat measurements were made after a 30 minute interval in eight patients (group A), after a 60 minute interval in nine (group B) and after 30 and 60 minute intervals in five (group C). No statistically significant changes from control values were seen after 30 and 60 minute intervals in any group in sinus rate, A-V nodal conduction time and the onset of A-V nodal Wenckebach block. H-V intervals were identical to the control values in all groups. Insignificant changes from control values occurred in RP of the atrium and HPS. Only the functional refractory period (FRP) of the AVN showed a statistically significant decrease from control values in groups B and C. This decrease could be explained by changes in autonomic tone. These observations in general confirm the reproducibility of electrophysiological properties of AVCS within one hour, and further support the validity of the techniques utilized in this and previously reported studies in the evaluation of cardioactive drugs.
tion in the nonsedated postabsorptive state. All but four patients had either clinical evidence of heart disease or electrocardiographic abnormalities. The four patients (4, 8, 12, 17) who had no clinical evidence of heart disease were studied to exclude cardiac arrhythmia as a cause of syncope when no other cause was found. The nature of the study was explained and a signed consent obtained. No patient was receiving cardioactive drugs at the time of study. All drugs were discontinued at least 48 hours before the study. Bundle of His electrograms were recorded as previously described using a tri or quadripolar electrode catheter which was introduced percutaneously into the right femoral vein and fluoroscopically positioned in the region of the tricuspid valve.7 A #7 quadripolar catheter was introduced into the antecubital vein and advanced to the high right atrium near its junction with the superior vena cava. The two distal electrodes were used to stimulate the atrium and the proximal pair used to record a high right atrial electrogram. Atrial stimulation was performed using a programmed digital stimulator which delivered rectangular impulses of 1.5 msec duration at approximately twice diastolic threshold. Intracardiac electrograms as well as electrocardiographic leads I, II, III, V1 and time lines generated at 10 and 100 msec were simultaneously displayed on a multichannel oscilloscope and relayed to a magnetic tape recorder. The records were later reproduced at a paper speed of 150-200 mm/sec. Careful attention was paid to the grounding of all equipment. Measurements of A-V nodal and His-Purkinje conduction times were made during sinus rhythm and at atrial paced rates up to a maximum of 200 beats/min.
Using the atrial extrastimulus method,8 refractory periods of the atrium, AVN and HPS were determined at two or more paced cycle lengths in each patient.
After the initial control studies were completed each patient was allowed to rest for a period of 30 minutes to one hour after which repeat studies were performed at comparable cycle lengths.
Patients were divided into three groups for comparison. Group A consisted of 14 patients (nos. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] who were studied 30 minutes following control studies. Group B consisted of 13 patients (nos. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] who were studied 60 minutes after control studies. Group C consisted of five patients (nos. [10] [11] [12] [13] [14] in whom repeat studies were obtained 30 and 60 minutes after control studies. There is, however, some overlapping of these groups. Group C patients were included in both group A (30 minute values) and group B (60 minute values).
If for any reason the catheters needed to be repositioned or replaced either the entire procedure was repeated or the patient was excluded from the study. In no patient were the characteristics of the delivered stimuli changed during the course of the study. An intravenous line was started with 5% dextrose in 12 of the patients at the beginning of the study to simulate drug studies. The blood pressure determinations were made in these 12 patients at the beginning of the study and at the completion of the 30 minute and one hour studies. Statistical analyses were performed using the Student's paired t-test.
Definition of Terms
A-H interval was measured from the onset of low atrial electrogram to the onset of His bundle deflection and was taken as an approximation of A-V nodal conduction time (normal values for our lab are 60-140 msec).
H-V interval representing His-Purkinje conduction time was measured from the onset of the His bundle deflection to the earliest point of ventricular activation as observed on the ECG tracing or the local ventricular electrogram (normal values for our lab are 30-55 msec). S,,A,,H, and V, represent stimulus artifact, atrial, His bundle and ventricular electrograms of the basic atrial drive beats, respectively. S2,A2,H2 and V2 represent the stimulus artifact, atrial, His bundle and ventricular electrograms of the atrial premature beats, respectively. A, A, represents basic paced atrial cycle length. Effective refractory period (ERP) of the atrium is the longest S1 52 interval at which S2 does not evoke an atrial response.
ERP of the AVN is the longest A1 A2 interval at which A2 fails to depolarize the bundle of His FRP of the HPS is the shortest V1 V2 interval in response to any range of H, H2 intervals. The FRP of the HPS can only be determined when it exceeds the FRP of the AVN. Therefore at a certain range of H, H2 intervals H2 must be associated with longer H2 V2 intervals than those of the basic drive beat (H1 VJ).
Relative refractory period (RRP) of HPS* is generally defined as the longest H1 H2 interval at which H2 conducts to the ventricles with a longer H-V interval than the basic drive beat or results in an aberrant QRS complex. The detection of minor degrees of aberrant ventricular conduction was more difficult and was subject to greater observer error. Therefore, for the purpose of this study the longest H, H2 interval resulting in definite bundle branch block (BBB) pattern or QRS axis shifts of more than 150 in frontal plane (RRP-Ab) or H-V prolongation (RRP-HV) was taken as the RRP of the HPS. The foregoing definitions of refractory periods apply to conduction along the normal pathways at a given basic cycle length in the absence of antegrade functional bypass tracts.
Results
The essential clinical data on 22 of 27 patients are presented in table 1. Five patients were excluded from the study, one for each of the following reasons: 1) the appearance of frequent ventricular premature beats during the repeat studies; 2) the frequent need to reposition the His bundle recording catheter; 3) the development of variable A-H intervals during the basic atrial drive; 4) the development of atrial fibrillation during repeat studies; and 5) the appearance of an intermittent RBBB believed to be catheter induced. All 22 patients were in sinus rhythm and had constant P-R intervals. The mean age of the group was 55 years.
The cumulative data for groups A, B and C are presented in tables 2, 3 and 4, respectively.
Data for individual patients are presented in tables 5 and 6.
Blood pressure. The blood pressure was not significantly altered in any of the groups. The mean systolic blood pressures in group A patients were 134.7 mm Hg for the control period and 132 mm Hg after 30 minutes. In group B patients the mean systolic blood pressures were 138.2 mm Hg for the control study and 138.5 mm Hg after 60 minutes. In group C patients the mean systolic pressures were 132 mm Hg for the control period and 128 mm Hg at 30 minutes and 130 mm Hg at 60 minutes.
Spontaneous sinus rate. The data on heart rates and A-V nodal conduction studies for individual patients are listed in table 5. For groups A, B and C the mean heart rates during the control periods were 70, 68 and 65 beats/min, respectively. Statistically insignificant changes occurred in spontaneous heart rate with time for each group as a whole (tables 2, 3, 4). Seven 'Although the HPS is a trifascicular system, in the absence of multiple recording sites along individual fascicles, it is considered as a single functioning unit. Refractory periods. Refractory period data for individual patients are listed in table 6 and the average values for the three groups are listed in tables 2-4. Statistical significance was determined using refractory period data at all cycle lengths. Cumulative data were similar to those obtained by comparing refractory period determinations at the longest cycle length alone.
Effective refractory period of the atrium. The cumulative data for the ERP of the atrium (i.e., all cycle lengths tested) were insignificantly affected in all groups. The mean change from control was an increase of 2.5 msec and 0 msec in groups A and B, respectively. In group C, the average change was an increase of 5 msec at 30 minutes and a decrease of 1 msec at 60 minutes.
ERP of the AVN. The ERP of the AVN could be determined in seven patients in group A, six patients in group B and two patients in group C. In the remaining patients the ERP of the atrium was reached before that of the AVN. For one patient (no. 4, group A) the ERP of the AVN could be determined only dur- A.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A A ing the control study; during the repeat study the ERP of the atrium was reached before that of the AVN. The average changes for ERP of the AVN were statistically insignificant in all groups even though individual patients showed changes of up to 40 msec in either direction from control values. Figure 1 , taken from patient 6, illustrates the maximum timedependent decrease observed in the ERP of the AVN. During the control study the ERP of the AVN was 330 msec and on repeat study after 30 minutes the ERP of the AVN was 290 msec, a decrease of 40 msec. in these two patients (nos. 4 and 6) the sinus rate did not change significantly. FRP of the AVN. The mean value for the FRP of the AVN significantly decreased in groups B and C and in the latter group at both the 30 and 60 minute In group A patients, the average value for the FRP also decreased but did not reach statistical significance. RRP of HPS. None of the groups showed statistically significant changes in the RRP of the HPS. The RRP-Ab was determined in 12 of 22 patients and the RRP-HV in nine patients during control and repeat studies at one or more cycle lengths. In five of nine patients in whom RRP-HV was determined the RRP-Ab was reached before the RRP-HV. In two patients RRP-HV was reached before the RRP-Ab while in two other patients the RRP-HV occurred at the same time. The above relationships persisted during repeat studies. In patient 22, RRP-HV was measured but not RRP-Ab (patient had LBBB). The mean changes for RRP-Ab and RRP-HV for all groups are listed in tables 2-4. Figures 2, 3 and 4 taken from patient 11 illustrate the changes in RRP-HV and RRP-Ab. ERP of HPS. The ERP of the HPS could be determined in only three patients (nos. 5, 12 and 13) during control and repeat studies. The data for individual patients for control and repeat studies are listed in table 6 . In patient 5 the ERP of the HPS decreased 20 msec (from 380 to 360 msec) after 30 minutes at a cycle length of 700 msec and in another patient (no. 12) an increase of 25 msec (from 390 to 415 msec) from control value at a cycle length of 800 msec was seen after a 30 minute interval. In the latter patient the ERP of the HPS at a shorter cycle length was identical after 30 and 60 minutes to the control value. The changes in ERP of HPS in these patients are real and are not related to the gap phenomenon in A-V conduction. Because of lack of a large number of patients who blocked within the HPS the statistical significance of these changes was not computed. Figure 5 taken from patient 5 illustrates the maximum decrease observed in ERP of the HPS 30 minutes after the control study.
FRP of HPS. The FRP of the HPS could be determined in nine patients during control and repeat studies. In the remaining patients the FRP of the AVN exceeded the FRP of the HPS. None of the groups showed significant changes in the FRP of the HPS. The mean values for control and repeat studies and the mean changes for groups A, B and C are listed in tables 2-4.
Discussion
The results of the present study indicate that except for the FRP of the AVN the average values for heart rate, conduction and refractoriness are not significantly altered when repeat measurements are made within one hour under so-called basal laboratory conditions. These observations support the validity of the techniques utilized in this and previously reported studies in the evaluation of cardiovascular drugs.
The mean age of the patients in this study was 55 years which corresponds closely to the mean age of our hospital population in general and more particularly to those taking cardiovascular drugs such as antiarrhythmic agents. The time intervals at which electrophysiological studies were repeated in this sympathetic tone probably accounted for the significant changes observed in the FRP of the AVN. The decreases in FRP of the AVN in those patients in whom no alteration of either heart rate or A-H interval occurred suggest that even minor changes in sympathetic tone could influence FRP of the AVN without affecting heart rate or A-H interval.
The changes observed in refractory periods of the HPS, more particularly in the ERP of the HPS, were unexpected. Measurement and comparison of refractoriness within the HPS by the extrastimulus method is dependent primarily on: 1) the basic cycle length; itself.'-" Since refractory periods of the HPS in this study were measured at a constant basic cycle length and at comparable Hi H2 intervals the changes noted (although statistically insignificant) could be the result of normal variation of refractoriness of the HPS. Alternative possibilities include the effect of altered sympathetic tone and the gap phenomenon. Whereas changes in vagal tone do not affect HPS, sympathetic nerve stimulation and administration of isoproterenol decrease refractoriness of the HPS.6' [12] [13] [14] [15] [16] [17] The increase observed in the refractoriness of HPS is probably due to a decrease in sympathetic tone during repeat study compared to the control. Although no gap phenomenon in A-V conduction was seen in the two patients in whom changes in ERP of the HPS were observed, in view of our inability to achieve H, H2 intervals closer than 5 to 10 msec apart it is theoretically possible that a small gap was missed." 8 19 The existence of a type II gap phenomenon in A-V conduction and consequent limitations on the conventional definition of ERP of HPS has already been emphasized.' The observation that the decrease in FRP of the A-V node was statistically significant in group C and not in group A even though repeat studies were done at 30 minute intervals in both groups either reflects the variance in the number of patients in these two groups or the increased variability of changes in group A compared to group C. Although the mean changes in any parameter except the FRP of the AVN were insignificant, marked changes in refractory periods of the atrium, the AVN and HPS were seen in individual patients and reflect our inability to control all the variables in individual patients in any clinical study involving a large number of patients.
